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Description 
Fletd Of Invention 

[0001] The invention generally relates to device and 
device fabrication and. more particularly, to a trench 
capacitor. 

Background Of Invention 

[0002] Integrated drcuits (ICs) or chips employ capac- 
itors for charge storage purposes. An example of an 10 
that employs capacitors for storing charge is a memory 
tC. such as a dynamic random access memory (DRAM) 
chip. The level of the charge ("0" or "1 ") in the capacitor 
represents a bit of data. 

[0003] A DRAM chip includes an array of memory 
cells interconnected by rows and columns. Typically, the 
row and column connections are referred to as word- 
lines and bitiines. respectively. Reading data from (x 
writing data to the memory cells is accomplished by 
activating the appropriate wordlines and bitiines. 
[0004] Typically, a DRAM menrK)ry ceP comprises a 
transistor connected to a capacitor. The transistor 
includes two diffusion regions separated t>y a channel, 
above which is located a gate. Depending on the direc- 
tion of current flow between the diffusion region, one is 
referred to as the drain and the other the source. The 
terms "drain" and "source" are herein used interchange- 
ably to refer to the diffusion regions. The gate is coupled 
to a wordline and one of the diffusion regions is coupled 
to a bttline. The other diffusion region is coupled to the 
capacitor. Applying an appropriate voltage to the gate 
switches the transistor on. enabling curent to flow 
through channel between the diffusion regions to fbnn a 
connection between the capacitor and bitline. Switching 
off the transistor severs this connection by preventing 
cunrent flowing through the channel. 
[0005] The charge stored in the capacitor dissipates 
over time due to cunent leakage therefrom. Before the 
charge dissipates to an irideterminate level (betaw a 
threshold), the node has to be refreshed. 
[0006] Continued demand to shrink devices has facil- 
itated the design of DRAMs having greater density and 
smaller feature size and cell area. To produce celts that 
occupy less surface area, smaller components such as 
capacitors are used. However, the use of smaller capac- 
itors results in decreased storage capacity, which can 
adversely affect the performance and operability of the 
memory device. For example, sense amplifiers require 
an adequate signal level to reliably sense the informa- 
tion in the ceils. The ratio of storage capacitance to bit- 
line capacitance is crucial in determining the signal 
level. If the capacitor becomes too small, this ratio n^y 
be too small to provide an adequate signal. Also, 
smaller storage capacity requires higher refresh fre- 
quency. 

[0007] One type of capacitor that is are commonly 



enployed in DRAMs is a trench capacitor. A trench 
capacitor is a three-dimensional structure formed in the 
sificon substrate, increasing the volume or capacitance 
of the trench capacitor can be achle/ed by etching 
5 deeper into the substrate. As such, increasing the 
capacitance of the trench capacitor does not increase 
the surface area of the cell. 

[0008] A conventional trench capacitor comprises a 
trench etched into the substrata The trench is typk:ally 

10 faied with n+ doped poly wttich serves as an electrode 
of the capacitor (referred to as the storage node). 
Optionally, a second electrode of the capacitor, retired 
to as a "buried plate." is formed by outdiffusing nf 
dopants from a dopant source into a region of the sub- 

15 strate surrounding the lower portion of the trench. A n-f 
dcped silicate glass such as Arsenic doped sOicate 
glass (ASG) serves as the dopant source. A node cfie- 
lectric comprising nitride Is provkied to separate the two 
electrodes of the capacitor. 

20 [0009] In the i^er portkm of the trench, a dielectric 
collar is provkJed to prevent leeikage from the node junc- 
tion to the buried plate. The node dielectric in the upper 
portion of the trench where the collar is to be formed is 
removed prior to its formation. Removal of the nitride 

25 prevents vertical leakage along the collar. 

[0O1O] However, the removal of the upper portion of 
the nitride layer creates pinholes at the transition 
between the bottom part the collar and upper edge of 
the node dielectric. Pinholes degrade the integrity of the 

30 node dielectric, and are a substantial source of charge 
leakage from the trench. This reduces the retention time 
of the trench capacitor, adversely impacting perform- 
ance. 

[POII] To prevent the formation of pinholes, atwostep 

3$ trench etch process has been proposed. Rrst, the 
trench is partially etched by a reactive ion etch (RIE) to 
the depth of the collar. The RIE is selective to the hard 
etch mask. Typical chemistry employed for the RIE 
includes, for example, NFj/HBr/He/Oa. An oxide layer is 

40 deposited and etched to form the collar on the trench 
sidewalls. The etch, which is a RIE, is selective to silicon 
using, for example, CHFa/Ar, C^F^fPs, or 

CF4 chemistry. The remaining portion of the trench is 
etched after collar formation. The node dielectric is then 

45 formed over the collar and lower portion of the trench 
sidewalls. Such a process eliminates the need to 
remove the upper portion of the node dielectric, thus 
avoiding pinholes from forming. 
[0012] Although such two step trench formatk)n is 

so effective in preveriting pinholes, the second RIE step for 
removing silicon may cause excessive erosion of the 
collar. Degradation of the collar causes leakage to 
occur. Furthermore, tiie collar acts as a hard etch mask 
for the second RIE trench etch, producing a lower por- 

55 tion of the trench having a diameter which is equal to 
that of the inner circumference of the collar. Thus, the 
lower portion of tiie trench is smaller than tiie upper por- 
tion, which has a diameter equal to about the outer cir- 
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cumference of the collar. This Is undesirable as it 
reduces the capacitance of the capaotor 
[0013] From the above description, it is desirable to 
provide a trench capacitor with reduced charge leakage 
and increased capacitance. 

Summary Of invention 

[0014] The invention relates to an improved trench 
capacitor, such as one employed in a memory cell. In 
one enftxxftnent, the trench capacitor is employed In a 
DRAM cell of a DRAM or an embedded DRAM chip. 
The trench capacitor is fomied by forming the trench in 
the sul)strate. The trench is filled with a semiconductor 
material. In one en*odiment the semiconductor mate- 
rial comprises silicon such as polycrystalllne silicon 
(poly)or amorphous siricoru The senrwconductor material 
in the upper portion of the trench is renwed arxl a die- 
lectric collar is formed therein. The silicon material is 
then removed from the bottom portion of the trench. 
Subsequently, a node dielectric thai lines the collar and 
trench sidewalls at the bottom portion of the trench is 
formed. The trench is filled with a doped material that 
serves as an electrode of the trench capacitor. 

Brief Description Of Drawings 

[0015] 

Fig.1 shows a conventional DRAM cell; 
Rgs. 2a-c show a process for forming the conven- 
tional DRAM cell; 

Rg. 3 shows a DRAM cell in accordance to one 
embodiment of the Invention; 
Figs. 4a-h show a process in accordance with one 
eirtwdiment of the invention for forming the DRAM 
cell of Fig. 3. 

Rg. 5 shows an alternative embodiment of the 
invention; 

Rgs. 6a-c show anotiier process for forming an 

embodiment of the invention; 

Rgs, 7a-c show yet another process for fornwig an 

embodiment of tiie invention; and 

Rg. 8 shows another enixxliment of the invention. 

Detailed Description Of The invention 



[0016] The present invention relates trench capaci- 
tors, such as those implemented in a memory cell. For 
purposes of illustration, the present invention is 
desaiied in ttie context of a trench capacitor DRAM 
cell. However, the invention is significantiy broader and 
extends to trench capacitor cells in general. Such cells 
are employed in integrated circuits (ICs) like, for exam- 
ple, random access memories (RAMs), dynamic RAMs 
(DRAMs). synchronous DRAMs (SDRAMs). static 
RAMs (SRAMs). and read only memories (ROMs). 
Other ICs include logic devices such as programmable 



logic arrays (PLAs), application specific ICs (ASICs), 
merged logic/memory ICs (enijedded DRAMs). or any 
circuit devices. 

[0017] Typically, a plurality of ICs are fabricated on a 
5 semiconductor substrate, such as a silicon wafer, in par- 
allel. After processing, the wafer is diced in order to sep- 
arate the ICs into a plurality of individual chips. The 
chips are then packaged into final products for use in. 
tor example! consumer products such as computer sys- 
10 tems, cellular phones, personal digital assistants 
(PDAs), and other products. For purposes of cfiscus- 
sion, the invention is described in tiie context of forming 
a single cell. A description of a conventional trench 
capacitor ORAM ceR is provided before describing tiie 
IS invention. 

[0018] Refening to Rg. 1. a conventional trench 
capacitpr DRAM cefl 100 is shown. Such conventional 
trench capacitor DRAM cell is desabed in, for example. 
Nesbit et al., A 0.6 um^ 256Mb Trench DRAM Cell With 

20 Self-Altaned Buried Strap (BEST). lEDM 93-627. which 
is herein incorporated by reference for all purposes. 
Typically, an array of cells is interconnected by word- 
lines and bitlhes to form a DRAM chip. 
[0019] The DRAM cell conprises a trench capacitor 

25 1 60 formed in a substrate 1 01 . The substrate is lightiy 
doped with p-type dopants (p*). such as boron (B). The 
trench is filled with, typically, polysilicon (poly) 161 heav- 
ily doped with n^opanls (n ), such as arsenic (As) or ' 
phosphorous (P). Optionally, a buried plate 165 doped 

30 with, for example. As is provided in the siiDStrate sur- 
rounding the lower portion of the trench. The As is dif- 
fused into the silicon substrate from a dopant source, 
such as ASG. that is formed on tiie sidewalls of the 
trench. The poly and buried plate serve as the elec- 

35 trodes of the capacitor. A node dielectric 164 separates 
ttie electrodes. 

[0020] The DRAM cell also comprises a transistor 
110. The transistor includes gate 112 and diffusion 
regions 1 13 and 1 14. The diffusion regions, which are 
40 separated by a channel 117. are formed by implanting 
^ n-type dopants such as phosphorus (P). A node diffu- 
sion region 125, refened to as the "node junction." cou- 
ples the capacita to tiie transistor. The node diffusion 
region is fbrmed by out diffusing dopants from the 
95 ' trench poly through a l>iflied strap 1 62. 

[0021] Acdlar 168 is fornied at an upper portion of ttie 
- ' trench. As used herein, the upper portion of ttie trench 
refers to the section that includes tiie collar and the 
lower portion includes ttie section below the collar. The 
50 collar prevents leakage of the node junction to the bur- 
^ led plate. Leakage is undesirable as it degrades tiie 
retention time of ttie cell, increasing ttie refresh fre- 
quency which adversely impacts perfornriance. 
[0022] A buried well 170 comprising n-type dopants, 
55 such as P or As, is provided below ttie surface of tiie 
4 substrate. Th peak concentration of dopants in the bur- 
j ied n-well is at about the bottom of ttie collar. Typically, 
ttie well is lightiy doped compared to ttie buried plate. 
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The buried well serves to connect the buried plates of 
the DRAM cells in the array. 

[0023] Activation of the transistor by providing the 
appropriate voltages at the gate and bitfine accesses 
the trench capacitor. Generally, the gate forms a word- 
line and the diffusion region 1 13 is coupled to a biHine 
185 in the DRAM array via a contact 183. The bitline 
185 is isolated from the diffusion region by an interlevel 
dielectric layer 189. 

[0024] A shallow trench Isolation (STI) 1 80 is provided 
to isolate the DRAM cell from other cells or devices. As 
shown, a wordiine 120, is formed over the trench and 
isolated therefrom by the STL Wordiine 120 is referred 
to as the 'passing wordiine." Such a configuration is 
referred to as a folded bitiine architecture. A liner (not 
shown) lines the bitline contact, isolating it from the 
gate. 

[0025] Rgs. 2a-c show the two step trench etch proc- 
ess for forming a trench capacitor. Referring to Fig. 2a, 
a pad stack 207 is formed on the surface of the sub- 
strate 201 . The substrate includes a buried n-weil that is 
used to connect the buried plates of the trench capaci- 
tors. The pad stack comprises various layers, including 
a hard mask layer 206, pad stop layer 205. and a pad 
oxide layer 204. The hard mask layer is patterned using 
conventional fithographic techniques to define a region 
202 in which a trench is to be formed. A f irst RIE is per- 
formed to form a trench 209 having a depth equal to the 
depth of the collar. 

[0026] An oxide layer 267, such as TEOS. is depos^ 
ited on the wafer, covering the pad stack and sidewalls 
of the trench. The oxide layer serves as the collar. An 
anneal is performed to density the oxide layer to 
improve the quality of the oxida 
[0027] Referring to Fig. 2b, the oxide at the bottom of 
the trench is removed. A RIE such as, for exanple, an 
oxide plasma etch is employed to remove the excess 
oxide. A secorKJ RIE is performed in order to form the 
lower portion of the trench. The second RIE is. for 
exannple, a silicon plasma etch. The collar acts as an 
etch mask during the RIE. As a result, the lower portion 
of the trench has a width of W2. which is less than width 
of the upper portion of the trench. This is undesira- 
ble as it reduces the capacitance of the trench capaci- 
tor. Also, the second RIE may erode the upper portion of 
the collar, leading to leakage which adversely Impacts 
the retention time of the capacitor. 
[0028] After the formation of lower portion of the 
trench, an n-type buried plate 265 is optionally formed. 
The buried plate is formed by. for exanple. gas phase 
doping, plasma doping, or ion implantation. Alterna- 
tively, doped silicate glass is deposited to line the trench 
sidewalls to provide a dopant source from which 
dopants diffuse into the substrate by a drive in anneal. 
Removal of tiie doped silicate glass is achieved fcyy. for 
example, chemical etching with BHF. 
[0029] Referring to Fig. 2c. a node dielectric layer 264 
is deposited on tiie wafer, lining the trench sidewalls. 



The trench is then filled with poly 271. The trench fill 
process also covers the surface of the wafer with poly 
The pdy is heavily doped with n-type dopants. 
[0030] The process continues to form the remaining 

5 portions of the DRAM cell as shown in Rg. 1. This 
includes recessing the poly, collar, arxl node dielectric in 
the trench and forming the strap, defining the isdation 
region to form tiie STI. depositing and patterning the 
various layers comprising tiie gate stack, depositing an 

10 interievel dielectric layer, creating contact opervng. and 
forming a bitiine. Such processes are described in, for 
example, Nesbit et al. A 0.6 ^m^ 256Mb Trench DRAM 
Cell With SeH-Alloned Buried Strap fBEST^. lEDM 93- 
627; and El-Kareh et al.. Solid State Technnlngy p.89. 

IS (May 1997). which are already heran incorporated by 
reference for alt purposes. 

[0031 ] In accordance witii tiie invention, an improved 
trench capacitor is provided. The ti-ench capacitor com- 
prises a node dielectric tiiat is formed over the collar, 

20 eliminating ttie need to remove the upper portion of the 
node dielecb-ic layer. This avoids the formation of pin- 
holes at the transition of tiie collar and upper edge of the 
dielectric layer. Additionally, lower portion of the trench 
comprises a widtti or diameter tiiat is at least equal to 

25 about the widtfi or diameter of the upper portion. As 
such, reduced leakage and increased capacitance is 
achieved. 

[0032] Fig. 3 shows a trench capacitor 360 imple- 
mented in a DRAM cell 300 in accordance with one 

30 enibodlment of the Invention. Illustratively, the DRAM 
cell is a merged isolation node trench (MINT) cell wrtti a 
buried strap. Other cell configurations, such as those 
utilizing a surface strap, are also useful. Typical dimen- 
sions of a trench in. for example, a 256 megabit DRAM 

35 chip using 0.25^ design rules is about 7-8^m deep, 
witii a trench opening of about 0.25^m by 0.50 iim. 
[0033] As shown, the trench capacitor is formed in a 
substrate 301. The substi-ate. for example, is lightiy 
doped with dopants having a first electrical type. In one 

40 err^odiment. the substrate is lightiy doped witti p-type 
dopants (p ). such as B. The use of a heavily doped p- 
type (p+) substrate is also useful. For example. p+/p-epi 
sut»strates can be used. Such substrates comprise a 
dopant concentration of about 10^^ cm"^ with a p" epi 

45 layer of typically about 2-3 fim thick The concentration 
of B is about 1.5 X 10^® cm"^. A p-type well 351 is pro- 
vided for isolation of the array devices 110. The dopant 
concentration of tiie p-well is about 5 X 10^^-8 x 10^^ 
cm*^. 

50 [0034] In accordance with the invention, tiie lower por- 
tion of the trench has a width or diameter W2 that is 
effectively about equal to or greater than about of 
the upper portion. Optionally a buried plate 365 sur- 
rounds ttie lower portion of ttie trench. As shown, tiie 

55 buried plate overiaps p^artially with the upper portion of 
the trench. The buried' plate serves as an electrode of 
tiie capacitor. Typically, ttie trench comprises a semi- 
conductor material 320 heavily doped with dopants hav- 
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ing a second electrical type. The semiconductor 
material is. for example, poly. The poiy. for example, is 
heavily doped with n-type dopants (n*) such as As or P. 
In one embodbnent. the poiy is heaviy dc^ed with As. 
The concentration of As is about 10^® - 10^° cm*^. 
[00351 A node dielectric layer 364 separates the elec- 
trodes of the capacitor. In accordance with the inven- 
tion, the node cfielectric lines the imer skJewails of the 
colltf and the trench sidewalls in the lower portion d the 
trench. The dielectric layer comprises, for ©cample 
nitride or nitride/oxide. Oxide/hrtride/Qxide or other siit- 
able dielectric layer or slack of layers such as oxide, 
nitridized oxide, a MONO are also us^l. 
[00361 Connecting the buried plate 365 of the capaci- 
tor with other capacitors within the DRAM anray is a bur- 
ied well 370 comprising dopants of second conductivity. 
In one eiribodiment. the buried well formed by inplanl- 
ing n-type dopants, such as As or P. The concentration 
of the weO is about 1x10^^ - IxlO^^ cm"3. The buried 
well may also be formed with an n-type epi layer and is 
connected to a reference voltage. By connecting the 
tjuried plates of the capacitors in the DRAM array to a 
common reference voltage, the maximum electric field 
in the delectric layer is minimized, thus improving relia- 
bility. In one embodiment, the reference voltage is niid- 
way between the bitline low and high voltage limits, 
commonly referred to as Voc/2. Other reference voltage 
such as ground is also useful. 
[00371 A strap 362 is provided above the doped poly. 
Dopants from the doped poty 361 outdiffuse into the sil- 
icx5n. fomning a node diffusion region 325 or node junc- 
tion to couple the transistor and capacitor. Although the 
illustrative embodiment is described with a buried strap, 
the use of, for example, a surface strap is also useful. 
[0038] A collar is provided in the upper portion of the 
trench and extends to about the top of the bmed plate. 
As shown, the collar is slightly recessed below the sub- 
strate surface to accofrnxxlate a buried strap 362. The 
collar comprises a dielectric material In one embodi- 
m«it. a thermal oxide layer is first formed and then a 
TEOS layer is deposited thereon. The collar prevents or 
reduces leakage from the node junction to the buried 
plate. In one embodiment, the collar is about 1.2^m 
deep and 20 - SOnm thick. 

[0039] An STI 380 is provkied in a top portion of the 
trench to isolate the DRAM cell from other cells in the 
array and to prevent strap formation between adjacent 
capacitors. As shown, the STI overlaps a portion of the 
trench, leaving a remaining portion to permit current to 
flow between the transistor and capacitor. In one 
enbodiment, the STI norr^nally overlaps about half the 
trench wkith. The STI prevents or reduces strap to strap 
leakage. The depth of the STI is about 0.25M.m. 
[0040] The transistor 31 0 comprises a gate stack 365 
and drain/source diffusion regions 313 and 314. The dif- 
fusion regions comprise n-type dopants, such as As or 
P. Diffusion region 314 is coupled to the node junction 
325. The gate stacK also referred to as the "wordline," 



comprises poly 315 layer. Typically, the poly is doped 
with either n or p-type dopants. Optionally, a metal sili- 
ckje layer (not shown) is formed over the poly layer to 
rediKie sheet resistanc of the gate stack. The pdy and 
5 silickie are sometimes ref^'red to as "polyctde." 

[0041] As shown, the gate stack is capped with a 
nitride layer 316 that is used as an etch mask for isolat- 
ing the wofdiine. Additionally, skfewall oxkie (not shown) 
and a finer 317 are used to isolate the wordline. The 
10 liner, for example, comprises nitrkJe or other suitable 
material. The liner also serves as an etch stop during 
the formation of a boiderless contact 383. The border- 
less contact provkjes a connection between diffusfon 
313 and a bitline 385. A dielectric layer 389, such as 
If BPSG or other dielectric materials such as oxkle, iso- 
lates the bitline from the diffusion regions. A liner (not 
shown) may be provided to isolate the contact from the 
gata 

[0042] A passing wordline 320 is formed above a STI 
20 380. The passing wordline is isolated from the trench by 
the STI and a thick cap oxkie. In one embodiment the 
edges of the passing wondline are sut)Stantially aligned 
with the trench sidewalls. Such configuration is referred 
to as a foWed t)itline architecture. Other configurations 
25 such as, for example, open or open-folded architecture 
are also useful. 

[0043] As described, the first electrical type is p-type ^ 
and the second electrical type is n-type. The invention is , 
also applicable to trench capacitors having p-type pdy 
30 formed in an n-type substrate. Further, it is possible to 
heavily or fightly dope the substrate, wells, buried plate.^ 
and other elements of the DRAM cell with tmpiffity 
atoms to achieve the desired electrical characteristics. 
[0044] Although. The f arst electrical type is p-type and 
3£ the second electrical is n-type. forming the DRAM cell in . 
a n-type substrate with p-type poly fiUed trench is also, 
useful. Further, it is possible to heavily or lightly dope 
the siisstrate, wells, buried plate, and other elements of 
the DRAM cell with impurity atoms to achieve the. , 
40 desired electrical characteristics. Additionally, the use of 
a vertical transistor or other types of cell layouts is also 
useful. 

[0045] Figs. 4a-g show a process for forming the 
DRAM cell in accordance with the invention. Referring 
45 to Rg. 4a, a substrate 401 is provkJed on which the 
DRAM cett is fabricated. The major surface of the sub- 
strate is not critical and any suitable orientation such as 
a (100). (110), or (111) is useful. In an exemplary 
embodiment, the substrate is lightiy doped with p-type 
so dopants (p"). such as B. The concentration of the B is 
abouti - 2X10^^cm*^ 

[0046] The substrate also includes a n-type buried 
well 470. The buried well comprises P or As dopants. In 
one err^xxJiment, a mask is patterned to define the bur- 
55 led well regfons. N-type dopants are then implanted into 
buried well regions of the substrate. The buried well 
serves to isolate the p-well 451 from the substrate and 
also forms a conductive bridge between the burled 
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plates of the capacitors. The concentFatoi and energy 
of the implant is about > 1 X 1 0"*^ cm'^ at about 1 ,5 MeV. 
Alternatively, the buried well is formed by implanting and 
then growing an epi layer above the sObstrate surface. 
Such technique is described in US Patent 5,250,829 to 
Bronner et al.. which is herein incorporated by reference 
for all purposes. 

[0047] Typically, a pad stack 407 is formed on the sur- 
face of the substrate. The pad stack comprises, for 
example, a pad oxide layer 404 and a stop layer 405. 
The stop layer, which serves as a polish or etch stop for 
sidssequent processes, comprises for example nitride. 
Above the stop layer is a hard mask layer 406. The hard 
mask comprises TEOS. Other materials such as BSG 
are also useful to serve as the hard mask layer. Addi- 
tionally, an antireflective coating (ARC) may he used to 
improve the lithographic resolution. 
[0048] The hard mask layer is patterned using con- 
ventional lithographic technkjues to define a region In 
which the trench is to be formed. This irx^ludes deposit- 
ing a layer of resist and selectively exposing it with the 
desired pattern. The resist is then devetoped and either 
the exposed or unexposed portions are removed, 
depending on whether a positive or negative resist is 
used. The exposed portions of the pad stack are then 
etched to the surface of the substrate. A reactive ion 
etch (RIE) then forms a deep trench 408. 
[0049] A semiconductor layer 452 is deposited on the 
wafer, filling the trench. The semiconductor layer com- 
prises, for example., silicon. In one embodiment, the 
semiconductor layer comprises poly. Amorphous silicon 
is also useful. Other types of material which has a tem- 
perature stability up to about 1050-1100*^0 and can be 
removed selective to uKride or oxide is also useful. The 
poly layer 414 is referred to as a saaifidal poly layer 
since It is subsequently removed. Typically, a native 
oxkJe is fbmied, lining the trench sidewail before the 
trench is filled with poly. The oxide layer is typically 
about, for example. 0.3-1 nm thick. The poly is then 
recessed to about the bottom of the collar. Recessing 
the poly includes, for example, planarizing it by CMP. 
chemical dry etch (CDE). or RIE tofomi a co-planar sur- 
face with the top of the poly in the trench and the top of 
the pad stack. A RIE is perfonmed to recess the poly in 
the trench. The use of a CDE to recess the poly is also 
useful. Preferably, the poly is planarized and recessed 
by a CDE or RIE in a single step. 
[0050] A dielectric layer 467 is then deposited over the 
wafer, covering the pad stack and trench sidewalls. The 
dielectric layer is used to form the collar. The dielectric 
layer comprises, for example, oxkie. In one embodi- 
ment, the dielectric layer is formed by first growing a 
layer of thermal oxide and then depositing an oxide 
layer by chemical vapor deposition (CVD) such as 
plasma enhanced CVD (PECVD) or low pressure CVD 
(LPCVD) using TEOS. The CVD oxide may be densified 
by an anneal. The oxide layer is suff icientiy thick to pre- 
vent vertical leakage. Typically, the layer is about 1 0 - 50 



nm thick. Alternatively, the dielectric layer comprises a 
layer of thermal oxide. 

[0051] In another embodiment, the dielectric layer is 
formed from CVD oxide. After fomiation of the CVD 

5 GDckJe. an anneal may be performed to densify the cockle. 
The anneal is performed in, for example. Ar. N2, O2, 
H2O, N2O. NO, or NH3 ambient An ooddizing arribient 
such as P2 or H2O amy be used to form an thermal 
oxide layer beneath the CVD oxide. Oxygen from the 

10 ambient diffuses through the CVD oxkle to form a ther- 
mal oxkJe layer on the substrate surface. This advanta- 
geously enables tfie formation of a thermal oxide, if 
desired, without needing a thermal oxidation step prior 
to the dq>osition of the CVD oxide. Typically, tiie anneal 

IS is performed at a temperature of about 1000-1 100*C for 
about 0.5 - 3 hours. 

[0052] Refemng to Rg. 4b, the dielectric layer is 
etched by. for example, RIE to open the collar. The col- 
lar open RIE chemistry is chosen to etch oxkJe selective 

20 to poly and nitride. The RIE removes the dielectric layer 
from the surface of ttie pad stack and tiie bottom of ttie 
opening. The dielectric layer remains on the silicon 
sidewail. fonnng a collar 468 As depicted, the top por- 
tion of collar is slightly eroded, forming to a taper top 

25 portion. 

[0053] Refening to Fig. 4c. the sacrifidal poly layer is 
removed from ttie bottom of the trench. Removal of the 
sacrificial poly is achieved preferably by CDE. A thin 
native oxide layer is typically present on the exposed 

30 trench sidewalls. This native oxkie may be sufficient to 
serve as a CDE etch stop. A CDE using, for example. 
NF3 + CI2 chemistry can etch silicon or poly with rela- 
tively high selectivity to oxkJe, enabling the removal of 
tiie poly using the thin native oxkie layer as an etch stop. 

35 For example, a selectivity of about 4000:1 has been 
found to be effective in removing tiie poly from the 
trench using the native oxide as an etch stop layer. 
[0054] In one enixxliment, a CDE witti high CI2 is 
employed to increase tiie silicon or poly etch selectivity 

40 to oxkia A flow rate of about 12 seem results in effec- 
tively zero oxide etch rate while the poly etch rate is in 
ttie order of about 2 ^im/min. This enables the native 
oxkle layer to serve as an effective etch stop for tiie 
removal of the saaif idal poly. Typically, the tiiickness of 

45 native oxide should be about 1 nm and more preferably 
about 1 .5 nm. 

[0055] Alternatively, a wet etch employing, for exam- 
ple, KOH or HF:HN03:CH3COOH is also useful in 
removing ttie poly. However, the use of KOH can lead to 

so K contamination on the trench sidewail. which may 
require an additional dean step. A RIE is also usefol in 
removing tiie poly, since it is anisotropic. Suitable chem- 
istry for tiie RIE removal of the poly includes SFe. Other 
appropriate chemist-y tiiat etches poly selective to 

55 oxide or nitride such as NFj/HBr is also useful. The RIE 
etch selectivity of poly to oxide or nitride is about less 
than 100:1 on planar surfaces but increases to greater 
tiian about 2000:1 on vertical surfaces due to ttie pre- 
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dominantly vertical direction of the moXkyn of the ions 
during RIE etch. Due to the high selectivity of pdy to 
oxide or ratrkJe on the vertical surfaces, only the upper 
portion of the collar is eroded. Hofwever. this is not a 
problem since the collar is not eroded below the surface 
of the substrate. 

[0056] After removal of the poly, a buried plate 465 
comprising of n-typed dopants such as As or P is 
optionally formed to serve as the second electrode. The 
collar serves as an isolation masK allowing only the 
region below the collar to be doped. The concentration 
of the dopants is about 1 x 10^^-10^^ cm*^. To form the 
burled plate, gas phase doping using PH3 or ASH3, 
plasma doping, or plasma immersion ion inplantation 
(Plli) is employed. Such techniques are descrbed in. for 
exan^le. Ransom et al., J. Electrochemical. Soc. Vol. 
141, No. 5 (1994) pp. 1378; US Patent 5.344,381; US 
Patent 4.937205; and copending US patent application 
USSN , titled IMPROVED TECH- 
NIQUES FOR FORMING TRENCH CAPACITORS IN 
AN INTEGRATED CIRCUIT filed on February 27. 1998 
(attorney docket number 98 P 7430). which are herein 
incorporated by reference for all purposes. Ion implan- 
tation using the collar as an isolation mask is also use- 
ful. Alternatively, the buried plate is formed using a 
doped slicate glass such as ASG as a dopant source. 
The use of doped silicate glass as a dopant source is 
desaibed In Becker et al.. J Bectrochemical. Soc. Vol. 
136 (1989) pp. 3033, which Is herein incorporated by 
reference for all purposes. When doped silicate glass is 
employed, the layer is removed after the formation of 
the kHiried plate. 

[0057] Referring to Fig. 4d. a node dielectric layer 464 
is deposited on the wafer, covering the surface of the 
pad stack and the interior of the trench. The dielectric 
layer serves as the node dielectric used to separate the 
plates of the capacitor. In one embodiment, the dielec- 
tric layer comprises a NO f Rm stack The NO film stack Is 
formed l>y depositing a nitride layer which is then reoxi- 
dized. The nitride layer is formed by, for example, ther- 
mal nitridation and CVD nitride in an FTP tool to a 
thickness of about 6.5nm. The nitride layer is reoxkiized 
at, for exannple. a temperature of about 900*^0. The re- 
oxidation of the r^tride layer increases the thickness of 
the nitrkfe marginally. Other types of dielectric film 
stacks, such as oxide-nitride-oxide (ONO) or oxide> 
nitrkle-Qxkle-nitride (ONON). are also useful. Also, the 
use of a thin oxide, nitride, or nitrided oxide film is also 
useful. 

[0058] A poly layer 461 is deposited on the suriace of 
the wafer, filling the trench and covermg the pad stack. 
The poly is deposited by, for exanple. CVD or other 
known techniques. As shown, the poly layer is confbr- 
mal. The poly is doped with n-type dopants, such as P 
and As. In one embodiment, the layer is doped with As. 
The concentration of As is about 1 X 10^^ - 1 X 10^° cm" 
^. The trench is filled with poly doped with As. The 
doped poly serves as an electrode (or node electrode) 



of the capacitor. Alternatively, the layer conprises arrxjr- 
phous silicon. The material can either be in-situ doped 
or sequentially doped. 

[0059] Refenring to Fig. 4e, the pdy layer 461 is 

5 recessd by, for example. ODE or RIE using suit^e 
chemistries such as NF3/CI2. or NFa/HBr. or SFs. In one 
embocfiment the poly is recessed to about tiie level of 
tiie pad nitride. This advantageously protects tiie pad 
oxide from undercut during subsequent wet etch proc- 

10 esses. If undercut is not a problem, the poly can be 
recessed to the depth of tiie buried strapi 
[0060] In Fig. 4f, tiie residual node dielectric layer 
above the poly is removed by a wet etch wHh. for exam- 
ple, DHF arxJ HF/Glycerol. The mask layer is then 

15 strpped by a wet etch using, for exanrple, BHF. The use 
of CDE to remove tiie hard mask is also useful. In some 
embodiments, tiie hard mask layer is removed eariier 
on in the process flow, such as after formation of tiie 
deep trench. As shown, tiie collar and dielectric layer in 

20 tiie trench are slightiy recessed as well. 

[0061 ] In one embodiment, as shown in Rg. 4g, a bur- 
ied strap 462 Is formed. Formatk>n of tiie biffied strap is 
achieved by. for example, an etch to recess tiie doped 
pdy 415 in the trench. Typically, the etch is an H\E. The 

25 pdy is recessed to a depth sufficient to form the buried 
strap. In one enrttxxiiment, the poly is recessed to about 
0.10)im below the silicon surfaca The collar and node 
dielectric are then recessed by a wet etch to below the 
top suriace of the doped poly. BHF or other oxide etch 

30 chemistry is useful for tiie wet etch. A CDE can also be 
used. Typically, tiie cdtar oxide is recessed aboxA 50 nm 
below tiie top of tiie recessed poly. The wet etch also 
recesses tiie node dielectric. However, etch recesses 
tiie node dielectric less tiian the collar oxide. This 

35 results in a smaller buried strap opening. An additional 
nitride etch using, for exanple. HF/Glycerd chemistry 
may be employed to increase the buried strap opening. 
Inaeasing the buried strap opening advantageously 
decreases buried strap resistance. The depth of the 

40 recesses, of course depends on design requirements of 
the buried strap. 

[0062] A poly layer is deposited on the substrate, cov- 
ering the nitride layer and top portion of tiie trench. The 
use of amorphous silicon is also useful. Typically, the 
45 deposited layer is undoped. The layer is planarized 
down to the nitride stop layer 405. After planarization. 
tiie poly in tiie trench is recessed to. for example, ^txnit 
0.05^m bebw tiie surface of tiie substrate, leaving a 
buried strap 462 of about O.IOjim thick above tfie doped 
50 pdy 420. Planarizing and recessing the layer using a 
single RIE or CDE step Is also useful. 
[0063] Refemng to Fig. 4h. the active area (AA) of ttie 
DRAM cell is defined. An anti-reflective coating (ARC) 
j layer is deposited on tiie substrate surface, covering tiie 
'55 nitride stop layer and buried strap. The ARC is used to 
/ improve the resolution of the lithographic process for 
{ ^ defining the AA. A resist layer is formed above tiie ARC 
layer, serving as an AA etch mask. The active region is 
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then defined by conventional lithograpNc technique. 
The non-active region of the cell is then anisotropically 
etched by, for example, RIE. The non-active region is 
the region where a STi 480 s to be formed. 
[0064] As shown, the STI overlaps a portion of the 
trench, cutting off part of the strap 440. In a subsequent 
anneal, dopants from the doped poly ciffuse upward 
and outward through the strap to fonn cBfusion region 
425. The depth of the STI is about 0.25>im Typically, the 
non-active region is etched t>elow the top of the oxide 
collar. In one embodiment the non^active region is 
etched about 0.25)im below the substrain surface. 
[0065] After the non-active region is etched, the resist 
and ARC layers are removed. To ensure that no resist or 
ARC residues remain, clean steps nnay be employed. To 
prwent oxygen from diffusing into the sticon and poly 
sidewalis. a liner (not shown) is provided to protect the 
non-active region. The liner comprises, for example, 
nitride Typically, a passivation oxide is thermally grown 
on the exposed silicon prior to forming the nitride liner. 
The nitride liner is formed by, for example low pressure 
chemical vapor deposition (LPCVD). The nitride liner is 
formed over the substrate surface, covering the nitride 
layer and non-active STI regioa 
[0066] A dielectric material is formed on the surface of 
the substrate. The dielectric nr^aterial, for example, com- 
prises 8102- In one embodiment, the cfielectric material 
is TEOS. High density plasma (HDP) oxide or other suit- 
able isolation material is also useful. The thickness of 
the dielectric layer is sufficient to ffli the non-active 
regioa Since the dielectric layer is typically conformal, 
planarization schemes such as CMP are employed. 
Such schemes are described in Nesbit ^ al., A 0.6 wrr^ 
g56 Mb T renc h PRAM Cell With Self-Aligned Puried 
strap (BEST>. lEDM 93-627; which is already herein 
incorporated by reference for all purposes. The surface 
of the substrate is polished so that the STI and nitride 
layer are substantially planar. 
[0067] The pad stop layer is then removed by, for 
example, wet chemical etch. The wet chemical etch is 
selective to oxide. The pad oxide is also removed at this 
point by wet chemical etch selective to silicoa After 
removal of the pad oxide, an oxide layer is formed on the 
surface of the wafer. The oxide layer, r^enred to as a 
"gate sacrificial layer", senses as a screen oxide for sub- 
sequent Implants. 

[0068] To define a region for a p-type well 451 for the 

n-channel access transistor 41 0 of the DRAM cell, a 
resist layer is deposited on top of the oxide layer and 
appropriately patterned to expose the p-well region. As 
shown, p-type dopants, such as boron (B) are Implanted 
into the well region. The dopants are implanted suffi- 
ciently deep to prevent punchthrough and to reduce 
sheet resistance. The dopant profile is tailored to 
achieve the desired electrical characteristics, e.g., gate 
threshold voltage (VJ. 

[0069] in addition, p-type wells for n-channel support 
circuitry are also formed. For complimentary wells in 



complimentary metal oxide silicon (CfvlOS) devices, n- 
wells are formed. Formation of n-type wells requre 
additional lithographic and implant steps for defining' 
and forming the n-type wells. As with the p-type wells, 

5 the profile of the n-type wells are tailored to achieve the 
desired electrical characteristics. After the wells have 
been formed, the gate sacrificial layer is removed. 
[0070] The various layers for forming a gate of a tran- 
sistor are formed. This includes fomning a gate oxkiation 

10 layer 415 that serves as a gate oxide, a poly l^er 416, 
and a cap nitride layer 41 8. Typically, the poly layer may 
include a metal silidde layer 417 such as WSix. forming 
a potycide to reduce sheet resistance. The various gate 
layers are then patterned to form a gate stack 412 of 

IS transistor 410. A passing gate stack 420 is typically 
formed over the trench and isolated therefrom l>y the 
STI. SourceAJrain diffusion regions 413 and 414 are 
formed by inplanting n-type dopants such as P or As, In 
one embodiment, P is implanted into the source and 

20 drain regions. The dose and energy is chosen to pro- 
duce a dopant profile which achieves the desired oper- 
ating characteristics. To improve diffusion and 
alignment of the source and drain to the gate, nitride 
spacers (not shown) may be employed. The diffusion 

2S region 414 connects to diffusion region 425, fonrang the 
node junctfon. 

[0071 ] A dielectric layer 489 is formed over the wafer 
surface, covering the gates and substrate surface. The 
dielectric layer, for example, comprises BPSG. Other 

30 dielectric layers, such as TEOS, are also us^ul. As 
shown, a borderiess contact opening 483 is etched to 
expose the diffusion region 413. The contact opening is 
then f Oled with a conductive material, such as n+ doped 
polysilicon, forming a contact stud therein. A metal layer 

35 485. representing a bitline, is formed over the dielectric 
layer, making contact with the source via the contact 
stud. 

[0072] Rg. 5 shows an alternative embodiment of the 
invention. As shown, the width W2 or diameter of the 

40 lower portion of a trench capacitor is greater than of 
the upper portion. Increasing the W2 increases the 
capacitance of the capacitor. To achieve such a struc- 
ture, the sacrtfidal poly is cleared as described in Rg. 
4b by ODE using, for exanrple, NF3/GI2 chemistry Other 

45 chemistries for etching silicon selectively are also use- 
ful. Additionally an RIE using SFe. NF^/HBr, or a wet 
etoh using KOH chemistry is useful. The bottom part of 
the trench is expanded by. for example, a CDE etch. 
Expansion of the trench is described in. for exanrple, T. 

so OzaW et al., "0.228 um^ Trench Cell Technologies with 
Bottle-shaped Capacitor for 1 Gigabit DRAMs', which is 
herein incorporated by reference for all purposes. The 
etchant for the CDE etch is selected to also remove the 
thin native oxide on the trench sidewalis. This can be 

ss achieved by reducing the flow rate of CI2 to decrease 
the selectivity of the etch to oxide, or by changing the 
chemistry. 

[0073] The wet etch or CDE is timed so as to remove 
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the sacrificial poly while limiting the expansion from 
extending into or contacting adjacent trenches. The 
expansion of the bottom portion of the trench is less 
than about 50% of the minimum spacing between adja- 
cent trenches, preferably less than 20-30% of the mini- 5 
mum spacing between adjacent trenches. Since the 
spacing between adjacent trenches is typically equal to 
about minimum ^oundrule (GR). the expansion should 
be limited to less than 50% of the GR. This would pro- 
vide for example, a bottle shape trench whose lower /o 
diameter is less than 2GR. Preferably, the expansion of 
the trench is about 20 - 40% of the GR. 
[0074] After renxwing the sacrificial poly and the etch 
stop layer, a buried plate can optionally be formed. Var- 
ious techniques for forming the buried plate, such as is 
gas phase doping with for example, ASH3 or PH3 at tem- 
peratures of about 1000-1 100'C. ion implantation of As 
or P, plasma doping, or plasma immersion ion implanta- 
tion, are useful. Doped poly is then deposited to form 
the node electrode. The doped poly, as it fills the lower 20 
portion of the trench, form a void 572 therein. Since the 
void is located in the lower portion of of the trench, it 
does not impact subsequent processing or device func- 
tionality. Other techniques to enhance trench capaci- 
tartce such as forming hemispherical silicon grain 2s 
(HSG) in the trench or roughening the trench sidewails 
prior to node dielectric d^xjsition are also useful. 
[0075] Figs. 6a-c show a portion of an alternative 
process for forming the DRAM ceil in accordance with 
the invention. Referring to Fig. 6a. a substrate 601 is 30 
provided. As shown, the substrate includes a n-type 
buried well 670. A pad stack 407. which includes for 
example a pad oxide layer 404. a polish stop layer 405, 
and a hard mask layer 406, is formed on the surface of 
the substrate. The pad stack is patterned to ddine a 35 
trench region 602 and a deep trench 608 is formed 
therein by RIE. 

[0076] After formation of the trench, an etch stop layer 
676 Is deposited on the trench sidewails. The etch stop 
layer is particularly useful if the native oxide layer on the 4C 
trench sidewails is too thin (about < 1 nm) to sufficiently 
serve as an etch stop. The etch stop layer covers the 
pad stack and lines the trench sidewall. In one embodi- 
ment, the etch stop layer comprises a material which 
poly can be removed selective thereto. The thickness of 4i 
the etch stop layer is sufficient of enable a subsequently 
deposited sacrificial material 615 to be removed from 
the trench virtually without expanding the sidewails to 
avoid a Ixittle shaped trench. The actual thickness that 
is required is optimized depending on the process con- 54 
dition of the etch used to remove the sacrificial poly. 
Typically, the thickness of the layer is about 1 - 20 nm, 
preferably about l -5 nm. 

[0077] In one embodiment, the etch stop layer com- 
prises a dielectric material such as oxide, nitride, or 5 
. oxynitride formed by various techniques, such as ther- 
mal growth or CVD. Preferably, the etch stop layer com- 
prises oxide. The use of oxide advantageously avoids 



the need to remove the i^er portion prior to the forma- 
tion of the collar or removing the lower portion after 
removal of the sacrifical poly. 

[0078] A sacrificial poly layer 652 is deposited over the 
wafer, filing the trench 608. The sacirficial poly is 
recessed, removing it from the upper portion of the 
trench. The poly is recessed to about the bottom of the 
collar. Opticmaiiy, the exposed portion etch stop layer in 
the upper portion of the trench is removed using, for 
example, a wet etch comprising DHF chemistry. A collar 
layer 667 is then fomned, covering the upper portion of 
the trench sidewails and the top of the sacriffoial pdy. 
The dielectric layer, which serves as the collar oxide, 
comprises typically a thin thermal oxide under a CVD 
codde. Optionally, an anneal can t>e perfonned to den- 
sity the collar layer. Alternatively, the collar oxide is 
formed by depositing a CVD oxkJe and densifying it in 
an oxicfizing ambient This facOitates the formation of a 
thermal oxide layer at the trench/CVD oxide interface, 
improving collar reliability. 

[0079] Referring to Rg. 6b. the collar layer is etched 
by RIE to fbnn collar 668. The saaif icial poly 651 is then 
renrH>ved with an RIE or CDE. A wet etch is also useful 
in renxjving the sacrificial material. The oxide etch stop 
layer prevents the etch from expanding the trench side- 
walls during removal of the sacrificial poly Referring to 
Fig. 6c the oxide etch stop layer is then removed. A bur*, 
led plate 665 is then formed using technic^es previ- 
ously c£scussed. A dielectric layer 664 is deposited over 
the wafer, covering the collar and trench sidewails in the 
lower portion of the trench. The dielectric layer serves 
as the node dielectric of the trench capacitor. A doped 
poly layer 661 is then deposited, filling the trench. The 
process for forming the trench capacitor and memory 
cell continues, as discussed from Rgs. 4d-h. 
[0080] Rgs. 7a-c show an alternative embodiment of 
the invention. As shown, a pad stack 707 comprising, 
for exanple. a pad oxide layer 704, a stop layer 705. 
and a hard mask layer {not shown), is formed on the 
surface of tiie substrate. The pad stack is patterned to 
d^ine a trench regfon. A RIE Is performed to form a 
deep trench 708 in the trench regioa A n-type buried 
well 670 is also provided in the si^strata 
[0081 ] The hard mask layer is stripped after the forma- 
tion of the trench, leaving the pad stop 705 and pad 
oxide 704 above the substrate surface. An etch stop 
layer 776 is formed to serve as an etch stop for the 
removal of a sacrificial poly 752 from the trench. After 
formation of the etch stop layer, the saaifidal poly 752 
layer is deposited to fill the trench. The sacrificial poly is 
recessed to a desired depth, which is about the bottom 
of the collar. The exposed portion of the etch stop layer 
may be removed by, for example, a wet DHF etch or 
CDE. The removal of the exposed portion of the etch 
^ stop layer also removes the DT RIE damage and con- 
tamination, improving the reliability of the subsequently 
formed collar. A dielectric layer 767 is then deposited, 
covering the surface and sidewails of the trench. The 
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dielectric layer is used to form the collar. An anneal is 
performed to densify the dielectric layer. Alternatively, a 
CVD oxide is deposited and annealed in an oxidizing 
ambient to densify the CVD oxide and to form a thermal 
oxide beneath the CVD oxide in a single thermal 
processing step. 

[0082] Referring to Rg. 7b, a RIE is performed to form 
the collar 768. After the RIE, the sacriTtdal poly and the 
etch stop layer are removed. Referring to Fig. 7c, a bur- 
led plate 765 is formed using techniques already 
described. A node cfielectric 764 is formed. N-doped 
poly then f Qls the trench. At this point, the process con- 
tinues as described from Fig.4e-h. 
[0083] Refening to Rg. 8, a DRAM cell in accordance 
with an alternative embodiment of the invention is 
shown. As shown, the DRAM cell includes a trench 
capacitor 860 coupled to a transistor 810. The trench 
capacitor 860, except for a buried plate that surrounds 
the lower portion of the trench, is similar to the trench 
capadtor 360 described in Rg. 3. Formation of the 
capacitor without a tx^ied plate follows a similar proc- 
ess flow as those described in Rgs. 4. 6, and 7. How- 
ever, the step of forming the buried plate, as described 
in for example Rgs. 4c, 6c and 7c is skipped. This 
means that after the removal of the sacrificial poly, a 
node dielectric is deposited instead of forming the tiur- 
ied plate. 

[0084] In embodiments that enr^loy an etch stop to 
prevent expansion of the lower portion of the trench, the 
node dielectric is formed after removal of the sacrifidal 
poly and the etch stop layer. Additionally, the bottle 
shaped trench capacitor of Fig. 5 may also be formed 
without a buried plate by skipping the process for form- 
ing the buried plate. For example, the node dielectric is 
formed after removing the sacrif k:ial poly and expanding 
the lower portion of the trench. 
[0085] While the invention has been particularly 
shown and described with reference to various embodi- 
ments, it will be recognized by those skilled in the art 
that modifications and changes may be made to the 
present invention without departing from its scope. The 
scope of the invention should therefore be determined 
not with reference to the above description but with ref- 
erence to the appended claims along with their full 
scope of equivalents. 

Claims 

1. A method for fabricating a trench capacitor com- 
prising: 

forming the trench in the substrate; 
providing in a lower portion of the trench with a 
semiconductor material; 
forming the dielectric collar in an upper portion 
of the trench above the semiconductor mate- 
rial; 

removing the semiconductor material from the 



bottom portion of the trench; 
forming a node dielectric that lines the collar 
and trench sidewalls at the bottom portion of 
the trench; and 
5 filling the trench with a doped semiconductor 

material that serves as an electrode of the 
trench capacitor, wherein the diameter of the 
lower portion of the trench is effectively at least 
equal to about the upper portion of the trench. 

10 



IS 



20 



25 



30 



35 



40 



45 



SO 



10 



EP0 949 680A2 



FIG, i 

(PRIOR ART) 




11 



EP 0 949 680 A2 



FIG. 2 A 

(PfllOR ART) 
202 




12 



EP0 949 680 A2 



FIG. 2B 

IPRIOR ART) 




13 



EP 0 949 680 A2 



FIG. 2C 

(PRIOR ART) 



-271 
'264, 



'268 



270 



•265 



14 




15 



EP 0 949 680 A2 

FIG. 4B 



102 




16 



EP0 949 680 A2 

FIG, 4C 



102 




17 



EP 0 949 660 A2 

FIG, 40 




18 



EP 0 949 680 A2 



FIG. 4D 




19 



EPO 949680 A2 



FIG, 4E 




20 



EP 0 949 680 A2 

FIG. 4F 



102 




21 



EP0 949 680 A2 



FIG, 4G 




EP 0 949 680 A2 




23 



EP0 949 680 A2 



FIG. 6 A 

. 102 




24 



EP 0 949 680 A2 

FIG. 68 




25 



EP 0 949 680 A2 




26 



EP0949 6«)A2 



FIG, 7 A 




27 



EP 0 949 680 A2 



FIG. 78 




Lj: 



'108 



-168 



101 



-176 



152 



•105 
-104 



EP 0 949 680 A2 



FIG, 7B 




29 



EP 0 949 680 A2 



Fie. 7C 




30 



EP 0 949 680 A2 



FIG. 8 A 




31 



DOCKET NO: /^^fP^^Or 

SERIAL NO: - 

l^pp\ |PAMT- Qjhi^^ (Jerk ai cv . 

LERNER AND GREENBERG RA. 

RO. BOX 2480 
HOLLYWOOD, FLORIDA 33022 
TEL (954) 925-1100 



